To characterize the EBID carbonaceous material, we performed energy dispersive x-ray spectroscopy (EDS) measurement. We fabricated an EBID block with a size of 73 × 78 m 2 , which was fabricated using the same EBID procedure at a current of ~130 pA as the nano-rod antenna (see Method in the main manuscript). In the EDS analysis, 15-keV-electron beam was scanned over the yellow rectangular area on the EBID block and the bare Si substrate as shown in Figures S1a and S1b.
On the EBID block, the characteristic spectral lines of C and O are detected at ~0.3 and ~0.6 keV, respectively ( Figure S1a ). The peak at ~1.8 keV originates from the Si substrate. On the bare Si substrate, the peaks of C and O are not observed at all. The spectrum analysis shows that the EBID block consists of C and O with an atomic-ratio of 88:12. Figure S1c shows a transmission electron microscope (TEM) image and diffraction pattern of an EBID block deposited on a TEM grid. The amorphous characteristics of the EBID structure are clearly observed. We also examined the EBID block fabricated by an electron beam current of ~830 pA, and it shows an atomic-ratio of 88:12 identical to the block fabricated by a current of ~130 pA. We measured the refractive index and extinction coefficient of the EBID carbonaceous material depending on the wavelength using the spectroscopic ellipsometry ( Figure S2 ). Since the nano-rod is too small to obtain the refractive index directly, we analyzed the reflectivity spectrum of the EBID blocks in Figure S2a . The thicknesses of the EBID blocks deposited with different electron beam currents of ~130 and ~830 pA are measured to be ~173 and ~171 nm, respectively, by AFM. In the spectroscopic ellipsometry, the incident beam is obliquely injected with an angle of ~72º. To achieve a high accuracy of the measurement, the flat area on the EBID block was illuminated with a beam spot diameter of ~35 m (the red circle in Figure S2a ). As shown in Figure S2b , the refractive indices of both blocks are almost identical and thus material properties of the EBID structures are insensitive to the EBID fabrication conditions.
Optical constants of EBID dielectric nano-structures
We fitted the measured spectra of the refractive index and extinction coefficient to the critical points (CP) model with two critical point pairs:
(ω) = ∞ + 1 1 ( angle, collision frequency, and amplitude of the i th oscillator, respectively. Table S1 shows the fitting parameters for the EBID carbonaceous material deposited by an electron beam current of ~130 pA, which was employed to form the nano-rod antennas. The dispersive refractive indices were handled in the finite-difference time-domain (FDTD) simulations by the auxiliary differential equation (ADE) method. To reflect the cross-section morphology of the actually fabricated nano-rods, we used an isosceles trapezium in combination with a half circle on top ( Figure S3a ). The base angle of the isosceles trapezium is 75 o . The full-width at half maximum is used as the width of the nano-rod, which varies linearly depending on the height. The radius of the half circle is 70 nm. In Figure S3b , the orange coloured contour line indicates the cross-section morphology of the nano-rod used in simulation. For a better understanding of the resonant absorption and scattering by the EBID nano-rod antenna, we calculated 2D maps of the absorption and extinction scattering efficiencies as a function of the incident wavelength and height of the nano-rod antenna. The absorption efficiency is defined as the ratio of the absorption cross-section to the height of the nano-rod antenna, and the extinction efficiency is the sum of the absorption and scattering efficiencies. The absorption cross-section is obtained by calculating the absorbed power flux to the EBID nano-rod and normalizing it to the incident power. The absorption and extinction efficiencies show the resonance features similar to the scattering efficiency of Figure 4a -b in the main manuscript. Due to a relatively high extinction coefficient of the deposited material, the absorption efficiency is non-negligible in the short wavelength region and shows a tendency analogous to the measured imaginary refractive index in Figure S2b . At the TM 01 mode resonance of the nano-rod antenna with a height of 280 nm (=880 nm), the absorption and extinction efficiencies are ~1.13 and ~3.09, respectively. At the TE 01 mode resonance (=680 nm), the absorption and extinction efficiencies are ~0.87 and ~1.78, respectively.
Absorption and extinction cross-section efficiencies of EBID nano-rod antennas

